More than 20 trace metals are consistently present in normal human tissues, but only seven, chromium, molybdenum, manganese, iron, cobalt, copper, and zinc, are essential for human metabolic processes. Three other trace metals, vanadium, nickel, and tin, have been shown to be essential for animals and may prove to be essential to man. The essential trace element selenium is a metalloid whereas iodine and fluorine are both non-metals. The classification into essential and non-essential is open to debate. Schwarz! would argue that all trace elements are both essential and toxic, depending upon their available concentrations within organisms. Although the toxicity of an essential element at excessively high concentrations is beyond dispute (Wilson's disease is a clear example of this), I find it difficult to accept the essentiality of lead or of cadmium, neither of which has any known function. The criteria of essentiality have been the subject of a recent excellent review by Davies. 2 Essential trace metals function as activators of enzyme-metal-substrate complexes in which they are loosely bound cofactors that interact with substrate molecules by polarising bonds or by neutralising negative charges. The roles of trace elements that are integral constituents of metaIIoenzymes are either structural, in which they influence the reactivity of the protein by stabilising strained configurations of binding ligands about the metal atom, or catalytic, in which they act as centres of positive charge for Lewis-acid catalysis or by facilitating red-ox reactions when they possess more than one stable oxidation state. For example, in the copper-zinc enzyme superoxide dismutase, the role of zinc is structural whereas that of copper with its Cu(I) and CuCII) oxidation states is catalytic.
Deficiencies of essential trace elements can lead to impairment of metalloenzyme functions which eventually manifest as clinical abnormalities. Causes of such deficiencies are prolonged inadequate dietary supply of available trace metals, metabolic disturbances, and excessive losses of trace elements as a result of tissue catabolism or therapeutic processes (Table I) .
Inadequate dietary intakes of trace elements
Two notable examples of geographical locations where there have been insufficient contents of specific trace elements in diets are Iran (zinc) and the People's Republic of China (selenium). The zinc deficiency observed by Eminians et al. 3 was due to a combination of an inadequate dietary intake with an impaired intestinal absorption because of geophagia. This resulted in growth retardation, hypogonadism, failure of sexual maturation, and hepatosplenomegaly, all of which were reversed by zinc supplementation. A selenium-responsive cardiomyopathy called Keshan disease has been reported in certain selenium-deficient areas of the People's Republic of China." 5 The concentrations of selenium in whole-blood were extremely low, <0·01 ppm, and low activities of whole-blood glutathione peroxidase were observed in affected populations. Supplementation with sodium selenite dramatically reduced the morbidity and mortality of this disease. Protein calorie malnutrition is a frequent global cause of generalised trace element deficiencies which may be aggravated by chronic blood-loss due to parasitic infections." Another possible cause of generalised trace element deficiencies from an inadequate dietary supply is the feeding of preterm infants with breast-milk. Deficiency states observed thus far have been restricted to zinc and copper, 7 but the general decrease in trace element content of breast-milk with duration of lactation suggests that other deficiencies might occur.
Synthetic diets
Synthetic diets are often used as part of the treatment of inherited and acquired metabolic disorders and of intolerances to foods. Some diets are designed to provide the total daily intake of all essential nutrients whereas others may be used with restricted amounts of natural foods. Metabolic balance studies showed that a trace metal supplement to the diet used for the treatment of inherited disorders of amino acid metabolism provided inadequate amounts of copper, zinc, iron, and manganese." Although there were no overt signs of deficiencies of these elements, modified supplements were formulated and evaluated in subsequent studies,"
Fluids for parenteral nutrition Long-term total parenteral nutrition (TPN) with infusion fluids that have not been supplemented with trace elements at their optimum concentrations have led to deficiency states of zinc,IO copper,11 selenium,12and chrornium.P The severe skin lesions seen in zinc deficiency induced by TPNIO were similar to those seen in acrodermatitis enteropathica and were reversed by oral administration of zinc sulphate. Severe hypocupraemia, neutropenia, and osteoporotic bone lesions observed in an infant receiving TPN were corrected by the administration of copper.11 Shenkin and Wretlind14 have recommended daily allowances of trace elements for adults and children receiving TPN.
Metabolic disorders
Metabolic disorders that affect the intestinal absorption or transport of metal ions also result in trace element deficiencies. In some cases the defect is specific for a given metal, for example, copper in Menkes syndrome and zinc in acrodermatitis enteropathica, but in others, such as gastrointestinal disorders that produce malabsorptive states, all metals will be affected.
The two former inherited disorders have been reviewed recently-s and will be discussed only briefly.
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Menkes syndrome is a rare, lethal neurodegenerative disease in infants which is characterised by growth retardation, progressive cerebral and cerebellar degeneration, kinky hair, tortuosity, and widespread degeneration of the arteries. The scalp hair is also sparse, brittle, and de-pigmented, and other clinical features include bone changes similar to those seen in scurvy, variable hypothermia, disturbance of muscle tone, convulsions, progressive mental deterioration and a characteristic facial appearance. The clinical signs are usually recognisable when the child is 2 to 3 months old, and death invariably occurs before 3 years of age. This disorder has an X-linked recessive mode of inheritance.
Many of the biochemical features associated with the disease are compatible with severe copper deficiency, particularly the abnormally low serum copper and caeruloplasmin levels and the vascular and bone lesions. These latter lesions may be explained by a deficiency of lysyloxidase, a copperdependent monoamine oxidase, responsible for the formation of cross-linkages which impart structural integrity and mechanical strength to these tissues. The anaemia and neutropenia associated with nutritional copper deficiency, however, are not seen with Menkes syndrome.
Danks, whose group has contributed most to our knowledge of this disorder, has postulated that the basic defect is the increased avidity of a copperbinding molecule present in most cells but not in the llver.l" This molecule causes copper to be accumulated within the cell or within the cell membrane, but in a form that is inadequately available for copper enzymes within the cell. At present there is no successful treatment for this disorder, and attempts to use parenteral copper supplementation have been generally abandoned. Prenatal diagnosis from amniotic fluid cell cultures is now possible, and the only alternative to the natural progress of the disease is a therapeutic abortion.
Acrodermatitis enteropathica is a rare autosomal recessive disorder associated with a defective intestinal absorption of zinc. The symptoms appear in early infancy after weaning, or earlier in the case of a child who is not breast-fed, as severe skin lesions on the extremities and around the body orifices, alopoecia, and severe diarrhoea. Without treatment the disease is progressive and fatal. The oral administration of 5, 7-diiodo-8-hydroxyquinoline (diodoquin) was formerly the treatment for this disorder, but the large doses required for effective control produced adverse side-effects including optic atrophy. Many of the clinical features exhibited by patients on long-term diodoquin therapy are those now known to be associated with zinc deficiency states, that is, growth retardation, hypogonadism, lethargy, and depressed mood. However, it was not until 1973 that Moynahan and Barnes!" showed that the concentrations of zinc in plasma were very low in this disease « 5flomoliD and that the oral administration of zinc sulphate was a successful form of treatment.
The defective intestinal absorption of zinc has been indicated by an impaired absorption of an oral dose of 85Zn relative to controls.P by an impaired in-vitro uptake of 85Zn into the mucosa of jejunal biopsies.P and by metabolic balance studies which indicated that in untreated patients the intestine was in a net secretory state for zinc. 20 The role of diodoquin in the treatment of this disorder appears to be that of a chelating agent which complexes dietary zinc and facilitates its intestinal transport.s-Possible mechanisms of zinc transport that could explain some of the observations seen in acrodermatitis enterophathica have been discussed by Jackson.P Malabsorptive states arising from gastrointestinal disorders and pancreatic insufficiency can result in generalised trace-element deficiencies. Graham and Cordano have reported severe copper deficiency in children with protracted diarrhoea." Metabolic balance studies on patients with cystic fibrosis have shown negative balances for copper and manganese with reduced net-intestinal absorption and retention of zinc and iron, even though pancreatic supplements were administered.Pt Similar studies have shown malabsorption of zinc, iron, and manganese in patients with Schwachman's syndrome.P The concentrations of zinc and copper in plasma from children with various malabsorptive states were in many cases near or below the lower end of the reference concentration range (Figure) . It is probable that deficiencies of other trace elements would occur with these malabsorptive states.
Assessment of body trace element status
The methods currently used to assess body trace element status are listed in Table 2 . None of these is ideal, and the method used will depend upon element(s) being investigated. The most useful method is a simple analysis of the elemental concentration in whole-blood or plasma. Although plasma concentrations of copper and zinc are subject to nonnutritional influences, such as endogenous and exogenous steroids, trauma, infections, etc, their measurement provides useful information. A plasma zinc concentration of < 5flomol/1 is unequivocally low; concentrations between 6 and 9 flomol/l might be encountered because of the non-nutritional influences mentioned, but in the absence of such influences these must also be regarded as low. It is possible that the measurement of trace element con-centrations in leucocytes and in serum protein fractions might give a clearer indication of body trace element status but techniques for these measurements are not yet completely established for routine use.
The assay of element specific enzyme activities such as serum alkaline-phosphatase (zinc), erythrocyte glutathione peroxidase (selenium), or superoxidedismutase (copper) have been useful in detecting trace element deficiencies but do not appear to have any significant advantages over measurement of the elemental concentrations.
Trace element balance studies are very important for detecting the adequacy of dietary intakes of trace elements and for investigating net-intestinal absorption (or flux) of trace elements. These studies, however, require extreme care and attention to detail to avoid erroneous results, are time-consuming, and are therefore usually restricted to a few research laboratories.
Graham has demonstrated a rapid marked increase in neutrophil count in response to the oral administration of copper sulphate to copperdeficient children and proposed that this response might be the quickest way to detect human copper deficiency." This important observation should serve as a stimulus to identify other biochemical parameters that will respond rapidly to supplementation with the appropriate trace element in deficiency states. Clinical responses are naturally somewhat slower although Moynahan has observed a distinct clinical improvement in patients with acrodermatitis enteropathica within 48 hours of zinc supplementation. 27 The in-vitro uptake by tissues of radioisotopes is of limited clinical value but does have relevance in confirmation of deficiency states and in studies of the mechanisms by which such states can arise.
Conclusion
In this selective discussion, attention has been focussed on trace element deficiencies caused by dietary inadequacies and metabolic disorders. Other causes such as excessive losses of trace elements (Table 1) have not been discussed but these form part of a comprehensive recent review by Clayton.s" Specific trace element deficiencies arising from inherited metabolic disorders are rare, as are those resulting from dietary deficiencies in specific geographical locations. Generalised trace element deficiencies, however, are frequently encountered in patients with malabsorptive disorders and in patients receiving prolonged parenteral nutrition. For example, of the 142 children with various malabsorptive conditions, 39 %were found to have abnormally low plasma zinc concentrations and 12 %had low plasma copper levels (Figure) . There is clearly a need for the study of other essential trace elements in patients with these conditions.
Methods for the assessment of body trace element status require considerable improvement. The most useful of those methods currently available is the measurement of the total concentration of a trace element in plasma or whole-blood, although one must be aware of the many factors, non-nutritional and therapeutic, that can influence such concentrations. It is possible that better methods of assessment of trace element status may be provided by measure-ments of the trace element concentrations of leucocytes and other cellular components, and from measurements of the distribution of trace elements among serum protein fractions.
